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MUSES and DESIS

Overview
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Multi -User System for Earth Sensing 

(MUSES)

Ʒ Precision pointing platform, designed in 

cooperation with NASA, for low-cost earth 

observation from the International Space Station 

(ISS).

Ʒ Comprised of Platform (ISS external) and Server 

(ISS internal)

Ʒ Up to 4 robotically installed instruments.  

Å Payload can be removed and returned to earth for analysis or reuse.

Ʒ Total data downlink ~225 GB/day.

Å Onboard processing option.

Ʒ < 12 Months:  Contract to Launch.

Å ~ 1/3 the cost of a free-flyer mission.

Characteristic MUSES Performance Target

Field of Regard

Outboard Cross-Track: 5°

Inboard Cross-Track:  45°

Along-Track: +/- 25°
Thermal Control Passive
Star Tracker Sodern SED26

Inertial Measurement 

Unit

Honeywell Miniature Inertial Measurement 
Unit (MIMU)

Precision Time
Sourced from the ISS GPS, 
Ò ± 250 ɛsec to MUSES instruments

Pointing Accuracy Ò ± 60 arc seconds

Pointing Knowledge
Ò ± 30 arc seconds 
(~ 60 m on ground from 400 km altitude)

Location knowledge
Sourced from the ISS GPS, ± 50 meters, 
RMS

Orbit
51.6° Inclination, 400 km altitude ± 5% 
(nominal)

Data Processing
Linux Server on-board ISS with redundant 6 
TB storage

Daily Downlink 

Capacity
225 GB



6

Teledyne Brown Engineering ïGeospatial Solutions

Earth Observation From the ISS ðWhy It Works/Challenges

Ʒ Benefits 
ÅCoverage of ~90% of populated Earth.

ÅCoverage of tropics, frequent revisit times 

off-noon allow for reduced-cloud image 

acquisition.

ÅOrbit enables acquisitions at different times 

of day, useful for BRDF or diurnal dynamics.

ÅUpgrade, repair and exchange of instruments 

as technology and/or markets evolution.

ÅTraditional barriers to entry are minimized. 

Ʒ Challenges
ÅAbove 55o N and below 52o S not covered 

in orbit.

ÅRevisit time has a beat frequency that 

depends on latitude.
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Ʒ Cooperative effort between the German Aerospace 

Center (DLR) and Teledyne Brown Engineering (TBE)
Å MUSES first payload ïLaunched in June 2018.

Å Teledyne has commercial rights to imagery while DLR retains the 

rights for scientific use.

Ʒ DLR Earth Sensing Imaging Spectrometer (DESIS)
Å 235 bands with 2.55 nm sampling over the VNIR spectral region 

(400-1000 nm).

Å 30 m GSD @ ISS 400 km orbit. 

Å Sensor pointing Ñ15Áalong track, enables BRDF and stereo 

acquisitions.

Å Push Broom Sensor:  Maximum length of a single strip ~ 3000 km.

Å Each strip is broken into 1024 x 1024 pixel tiles, or 30 x 30 km.

DESIS Overview

DESIS
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DESIS Specifications
Parameter DESIS Specification (Commissioning Phase)

Orbit not Sun-synchronous, 51.6Á, 400 Ñ5 km, 93 min, no repeat cycle

Coverage 55ÁN to 52ÁS 

Tilt (across-track, along-track) +45Áto -5Á, -40Áto +40Áby MUSES and DESIS

Sensor Pointing Ñ15Áalong-track to enable BRDF or Stereo acquisitions 

Spectral coverage 402 nm to 1000 nm (Part of FPA defective at low wavelengths)

Number of spectral channels 235 (no binning); 118 (binning 2); 79 (binning 3); 60 (binning 4)

Spectral Sampling resolution 2.55 nm (w/o binning); ~10.2 nm (binning 4) 

Full Width Half Maximum (FWHM) ~3.5 nm (w/o binning); ~10.5 nm (binning 4)

Radiometric resolution 12 bits + 1 bit gain

Radiometric Accuracy Ñ10% (based on on-ground calibration and with support of inflight radiometric calibration; Expect Ñ5%)

Radiometric Linearity 99%

Swath 30 km

Spatial resolution, pixels 30 m, 1024 pixels (@400 km) 

Geometric accuracy
~20 m with GCPs 

~300 m - 400 m w/o GCPs (i.e. water only collects)

MTF @ Nyquist 30%-40% based on on-ground calibration / static MTF without smearing effects / wavelength depending

Signal-to-Noise ratio (albedo 0.3 @ 550 nm)
195 (w/o binning)

386 (4 binning)

Solar zenith angle restrictions

(for L2A level processing)

> 55Áproduces reduced quality L2A product

> 65Áproduces low quality L2A product

> 70Ánot processible to L2A
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TCloud

Overview and Demonstration
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TCloud Overview

Ʒ TCloud is a Teledyne Brown Engineering ïGeospatial 

Solutions cloud-based data management and distribution 

system for geospatial imagery.

ÅFront end ïuser interface

ÅBack end ïdata processing

Ʒ Allows approved users to submit DESIS sensor tasking 

requests and/or order archived DESIS data and retrieve the 

requested data.

Ʒ Allows for post-processing of the data in multiple ways.
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TCloud Demonstration

TCloud Website: https:\\teledyne.tcloudhost.com

https://teledyne.tcloudhost.com/
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Tasking Order Best Practices
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Tasking Order Best Practices

Ʒ Tasking Order Timeframe

ÅUse the longest acceptable collection timeframe for orders.

īOverpass opportunities are cyclical in nature based on the ISS orbit 

and can vary based on location/time of year.

īAdditionally, cloud cover for certain areas makes collection within a 

short timeframe more challenging.

īLonger collection windows allow for the greatest possibility to 

successfully complete the order. 

īShort duration windows are still possible if the tasking submission 

shows ófeasibleô, but this does not account for unacceptable cloud 

cover or ISS dynamic events that can occur on occasion that impact 

collections.
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Tasking Order Best Practices

Ʒ Area Of Interest (AOI) Size/Location

ÅIf smaller Area Of Interests (AOIs) are relatively 

close together or even overlap sometimes it is 

best to submit as one order.

ÅGood rule of thumb ïIf AOI borders are within 30 

km (one tile width) of each other consider one 

order.

ÅDependent on userôs preference for potential 

extra data which in the rule of thumb above 

would not be significant.
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DESIS

Data Products



16

Teledyne Brown Engineering ïGeospatial Solutions

Product Overview

Ʒ DESIS L1A raw data stored in archive.

ÅNot an available product.

Ʒ Several levels of processing available 

for end-users.

ÅL1B Radiance

Å L1C Orthorectified Radiance

Å L2A Surface Reflectance

Ʒ Processing applied on-the-fly in the 

online archive when data is ordered.

Level 1A Processor

Transcription

Level 1B Processor

Systematic and 

Radiometric Correction

Level 1C Processor

Orthorectification

Level 2A Processor

Atmospheric 

Correction

L1B Product*

L1C Product*

L2A Product*

Long Term Archive

L1A Data

Raw Data
Earth datatakes

Experimental datatakes

Calibration mesaurements

Orbit and Attitude

Products

Auxilary Data

In-flight 

Calibration 

Process

Calibration &

Reference

Products

Global

DEM Database

Atmospheric LUT

Update

Cal Tables

Publish

Cal Measurements

Screening Calibration &

Reference

Products

Global

REF Database

*Delivery product
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Ʒ Top-of-Atmosphere (TOA) 

Radiance product (L1B)

ÅRadiometric corrections applied: non-

linearity, dark current, and radiometric 

conversion.

ÅSensor corrections applied: defect pixel, 

rolling shutter, spectral smile and 

striping.

Ʒ Quality information included 

identifies suspect pixel values.

L1B Radiance

N

San Joaquin River Delta, CA
August 14, 2019 @ 17:50 GMT
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Ʒ Orthorectified TOA Radiance 

product (L1C)

ÅSensor distortion removed.

ÅOn-the-fly image matching using high 

geometric accuracy reference images to 

extract ground control points (GCP).

ÅWhen image matching not possible, 

correction consists of on-board 

position/attitude, and estimated boresight 

angles.

Ʒ Quality information included 

identifies suspect pixel values.

L1C Orthorectified Radiance

San Joaquin River Delta, CA
August 14, 2019 @ 17:50 GMT



19

Teledyne Brown Engineering ïGeospatial Solutions

Ʒ Atmospherically-corrected 

Surface Reflectance product (L2A)

ÅTOA radiance corrected for atmospheric 

molecular absorption, scattering, and 

aerosol effects.

īRadiative transfer look-up-tables 

generated using MODTRAN.

ÅData corrected using either rugged terrain 

or flat terrain algorithms.

Ʒ Quality information also includes 

pixel classification, aerosol 

optical thickness and water vapor.

L2A Surface Reflectance

San Joaquin River Delta, CA
August 14, 2019 @ 17:50 GMT


